I moving faster and higher. This accident may be exemplified to identify some atmospheric processes on the hemispheric scale.
Introduction
The 2011 Tohoku-Oki Earthquake, also known as the Great East Japan Earthquake, with a magnitude of 9.0 (M w ), took place at 14:46 JST (05:46 UTC) on 11 March 2011 off the eastern coast of Japan. It is believed to be the most powerful earthquake to have struck Japan
[http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami]. An extremely destructive tsunami followed the earthquake and produced waves of >30 m high [Fujii et al., 2011] . As a consequence, the dual natural disaster instantaneously inundated nearby Japanese coastal villages, along with the Fukushima I (Daiichi) Nuclear Power Plant (3725′17"N, 1411′57"E), causing a nuclear accident that put the whole world on alert. Three of the six reactors at the power plant experienced meltdowns (or even melt-throughs) a few hours to a few days after the cataclysmic 1 disaster. This fact has been declared by the Tokyo Electric Power Company (TEPCO) on 23 May 2011 [TEPCO, 2011] . The disaster at the power plant resulted in massive releases of radioactive materials into the local air, ocean, soil, ground water, and so on [Normile, 2011; Morino et al., 2011; Stohl et al., 2011] . Through the atmosphere, Fukushima radiation clouds (FRCs) quickly spread around the globe. In the U.S., March [Bowyer et al., 2011] . The global model simulation has shown that radioactive substances emitted from the Fukushima Daiichi Nuclear Power Plant have been transported over the North Hemisphere. However, the simulation results emphasized its influence on the North America and poleward dispersion over Euro-Asia, and there were little observation data for verification [Takemura et al., 2011] .
We present observation data on particulate and compile these together with our recently published data gathered from another high mountain station (Mt. Lulin, central Taiwan; 2782 m), two offshore island stations (one in the East China Sea and another in the South China Sea), and one station in north Taiwan [Huh et al., 2011] . We collate additional reported data from sources around the world, particularly the CTBTO (Comprehensive Nuclear-Test Ban Treaty Organization) observation network [Masson et al., 2011] . We then discuss the hemispheric transport of Fukushima-derived radionuclides, with an emphasis on the Earth's northern middle latitudes. Finally, we construct a schematic model for explaining the hemispheric dispersion. 12136′50"E; 2328′07"N, 12052′25"E) ( Figure 1 ). During the sampling period and over the sampling area, the layer of ~1.5 km high is under the influencing regime of the prevailing northeasterly monsoon. In contrast, the westerlies were the prevailing winds at the elevation of MLL. Sampling was terminated at DS on March 31 because of sampler malfunctions. The sampling was also suspended at NK from April 2 to
Materials and methods
April 5 due to shortage of hands at such a crunch time. These interruptions, however, do not affect our interpretation of the time series as the signals of first arrival have been caught and the temporal trends at PCY and NK are largely analogous (Figure 2 ), as will be described later. In general, the sampling was conducted with a daily sampling frequency for most samples and a bi-daily frequency for a few NK samples.
In addition, the filter samples were collected at the Nam Co station (3046′N, 9059′E; 4730 m) on the Tibetan Plateau (denoted as the TP station) from 15 March to 6 April with a 5-6 day sampling frequency. This station is, expectedly, under the sway of stronger westerly jet streams.
The aerosol samples were collected through a 24-hour pumping of ~1700 m 3 air through cellulose filters (8"10" in size) by a high-volume TSP sampler (TE-5170D), 3 which generally can collect particles larger than 0.03 µm [Hsu et al., 2010 
Cs
at PCY during April 6-7. The amounts of radionuclides were far lower than the amounts detected anywhere from Japan, across north America and Europe and therefore posed little risk in terms of public health concerns. In addition, the radionuclides were around one order of magnitude lower at MLL compared with those at PCY and NK. As shown in Figure 2A , Cs ratios, as depicted in Figure 2D . These may indicate either distinctive radionuclide leakage stages respondent to the state of the damaged nuclear reactors, or differentiation of the two kinds of radionuclides (iodine and cesium) during transport, which are discussed later.
Compilation of data reported at the mid-latitudes of the North Hemisphere
To understand a full picture of hemispheric transport and the resulting evolution of the FRCs, we further compile additional data from all over the world on the monitored radionuclides, from the source (Japan) eastward to the downwind receiving regions, including our stations TP and MLL, with particular focus on the mid-latitudes under the influence of the westerly winds, including Takasaki I which is mostly associated with very fine particles with diameters of around 0.4 m [Jost et al., 1986] . This may lead to a longer suspension for 131 I-laden 7 aerosol. Cs-137 is characterized by its particle-reactive nature and is mainly associated with ~1 m sized particles [Jost et al., 1986] I in the particulate form around Hawaii. In the farther downwind region, the particulate phase may further increase and become predominant, exceeding the gaseous phase; this suggestion is, however, at odds with Masson et al. [2011] .
Hemispheric transport of Fukushima derived radioactive nuclides
The journey of the FRCs around the globe took ~18 days. This is much longer than the time (~10 days) it took for the radiation clouds emitted from the Chernobyl disaster to do the same [Harrison et al., 1993] , and it is still longer than the time (~13 days) for Asian dust to go around the world [Uno et al., 2009] . However, the FRCs took a slightly shorter time than the time (~22 days) for the SO 2 plumes emitted by 8 the Mount Pinatubo Eruption to go around the world [Bluth et al., 1992] . Apparently, the speed of travel depends on the location (particularly latitudes) of the source of emission and the vertical height that the emission can ascend to, along with the synoptic weather and the atmospheric conditions. Judging from the arrival times of 131 I at TP and MLL, it's possible that the first wave of FRCs was confined within a shallower layer of less than ~3-4 km and thus not detected at TP, whereas the second wave may have reached 5 km or higher. Also, this observation can be attributed to mechanical problems in the distinct stages of the power plant reactor cores' meltdown, as observed in the Chernobyl Event, during which the radiation plumes reached a ~2 km elevation in the initial explosion [Brandt et al., 2002] and were subsequently entrained to the upper troposphere or higher [Pudykiewicz, 1989] .
The CTBTO Preparatory Commission reported the detection of two waves of Cs, there is little radioactive decay but it is more easily removed by precipitation due to its association with coarser particles [Jost et al., 1986] . ( 
Summary and implications
Our results offer a valuable archive of data on the Fukushima nuclear accident. 
